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Unusual antiferromagnetic order and c-f hybridization gap  
in the Kondo semiconductor CeOs2Al10 






‽⢏Ꮚࣂࣥࢻ࡟ 10 K ~ ᩘ 100 Kࡢ㗦࠸ࢠࣕࢵࣉࡀ㛤ࡃࢭ࣒ࣜ࢘㏆⸨༙ᑟయ࡜ࡋ
࡚ࡣ㸪CeNiSn, CeRhAs, Ce3Bi4Pt3, CeRh4Sn6, ࠾ࡼࡧ CeFe2Al10࡞࡝ࡀ▱ࡽࢀ࡚࠸
ࡿࠋࡇࢀࡽࡢ໬ྜ≀࡛ࡣ㸪ᙉ࠸ c-fΰᡂ࡟ࡼࡗ࡚ᒁᅾ࣮࣓ࣔࣥࢺࡀኻࢃࢀࡿࡓࡵ
࡟㸪ᇶᗏ≧ែࡣᖖ☢ᛶ≧ែ࡜࡞ࡗࡓࠋ 
┤᪉ᬗ YbFe2Al10ᆺࡢ⤖ᬗᵓ㐀ࢆᣢࡘ CeT2Al10 (T = Ru, Os)ࡣ㸪㟁Ẽ᢬ᢠ⋡ࡀ
3080 Kࡢ⠊ᅖ࡛⇕άᛶᆺࡢU vexp('/2kBT)࡟ᚑ࠺ࡢ࡛㏆⸨༙ᑟయ࡟ศ㢮ࡉࢀࡓࠋ
ࡋ࠿ࡋ㸪T = Ru ࡜ T = Os ࡢ໬ྜ≀ࡣ㸪཯ᙉ☢ᛶ㌿⛣ࢆࡑࢀࡒࢀ TN = 27 K ࡜ 
28.5 K࡛㉳ࡇࡍࠋࡇࡢ⛛ᗎ≧ែ࡟࠾ࡅࡿ☢Ẽ࣮࣓ࣔࣥࢺPAFࡣ 0.3 – 0.4 PB/Ceࡋ




ᮏ◊✲࡛ࡣ㸪㏆⸨༙ᑟయ CeT2Al10 (T = Ru, Os)࡟࠾ࡅࡿ≉␗࡞☢Ẽ┦㌿⛣ࡢᶵ
ᵓࢆㄪ࡭ࡿࡓࡵ࡟㸪TN ࡀࡼࡾ㧗ࡃ 4f 㟁Ꮚ≧ែࡀᒁᅾ࡜㐢Ṕࡢ⊃㛫࡟࠶ࡿ
CeOs2Al10 ࢆ◊✲ᑐ㇟≀㉁࡜ࡋ࡚㑅ࡧ㸪୕ࡘࡢ⨨᥮⣔㸪 Ce1-zLazOs2Al10,  
Ce(Os1-yRey)2Al10, ࠾ࡼࡧ Ce(Os1-xIrx)2Al10 ࡢከ⤖ᬗ࡜༢⤖ᬗヨᩱࢆస〇ࡋࡓࠋࡇ




ࡶ㸪4f / 5dṇᏍ࠾ࡼࡧ 5d㟁Ꮚࢻ࣮ࣉࡢᙳ㡪ࡀ኱ࡁ࠸࡜ண᝿ࡉࢀࡓࠋࡇࢀࡽࡢヨ
ᩱࡢ☢ᛶ㸪㟁Ẽ᢬ᢠ㸪⇕㟁⬟࠾ࡼࡧẚ⇕ࢆ 2 300 K ࡢ⠊ᅖ࡛ ᐃࡋࡓࠋࡲࡓ㸪
ࢠࣕࢵࣉᵓ㐀ࢆ◚᩿᥋ྜࢺࣥࢿࣝศග࡟ࡼࡗ࡚ほ ࡋ㸪୰ᛶᏊᩓ஘ᐇ㦂࡟ヨᩱ
ࢆᥦ౪ࡋ࡚☢Ẽᵓ㐀ࢆㄪ࡭ࡓࠋ 
 ࡇࢀࡽࡢ ᐃ⤖ᯝ࠿ࡽ㸪4f/5dṇᏍ࠾ࡼࡧ 5d㟁Ꮚࢻ࣮ࣉ࡟ࡼࡗ࡚ CeOs2Al10ࡢ
4f 㟁Ꮚ≧ែࡢ⛣ࡾኚࢃࡾ᪉ࡀ኱ࡁࡃ␗࡞ࡿࡇ࡜ࡀุࡗࡓࠋ4f ṇᏍࢻ࣮ࣉ⣔  
Ce1-zLazOs2Al10࡛ࡣ㸪ᐜ᫆㍈᪉ྥࡢ☢໬⋡࡟࠾ࡅࡿ᭷ຠ☢Ẽ࣮࣓ࣔࣥࢺ࡜ᖖ☢ᛶ
࣮࢟ࣗࣜ ᗘࡢ኱ࡁࡉ |TP|ࡣ⨨᥮㔞 z ࡟࡯࡜ࢇ࡝౫ࡽ࡞࠸ࠋ࡜ࡇࢁࡀ㸪5d ṇᏍ
ࢆࢻ࣮ࣉࡋࡓ Ce(Os1-yRey)2Al10࡛ࡣ㸪|TP| ࡣቑຍࡋ㸪↓⨨᥮࡛ 45 K ࡟⌧ࢀࡓ☢
໬⋡ F (T)ࡢᒣࡢ⤯ᑐ್ࡣῶᑡࡍࡿࠋࡉࡽ࡟㸪PAF/Ceࡢ኱ࡁࡉࡣ y = 0࡛ࡢ 0.3 PB




࠸࡚ 2x = 0.3࡛ࡣ㸪☢໬⋡ࡢ 45 K࡛ࡢᒣࡀࣆ࣮ࢡ࡟࡞ࡿ࡜࡜ࡶ࡟㸪ࡑࡢ኱ࡁࡉ
ࡣ 2x = 0ࡢ 5ಸ࡟࡞ࡗࡓࠋྠ᫬࡟㸪PAF/Ceࡢ኱ࡁࡉࡣ 2x = 0.16࡛ 0.9PBࡲ࡛ቑ
ຍࡋ㸪ࡑࡢྥࡁࡣ☢໬ᅔ㞴㍈ࡢ c ㍈࠿ࡽ☢໬ᐜ᫆㍈࡛࠶ࡿ a ㍈࡬࡜ኚ໬ࡋࡓࠋ
ࡇࡢࡼ࠺࡟ 5d 㟁Ꮚࢆࢻ࣮ࣉࡍࡿ࡜ 4f㟁Ꮚࡢᒁᅾ໬ࡀ㐍ࡴࡇ࡜࡛PAFࡣ኱ࡁࡃ࡞
ࡿࡀ㸪TNࡣ 2x = 0ࡢ 28.5 K࠿ࡽ 2x = 0.3࡛ 7 Kࡲ࡛పୗࡋࡓࠋࡇࡢPAF࡜ TNࡢ
್ࡢṇ཯ᑐࡢኚ໬࡜ࡑࡢྥࡁࡢኚ໬ࡣ,  Ce ࣮࣓ࣔࣥࢺ㛫ࡢ཯ᙉ☢ᛶⓗ┦஫స
⏝ࡀPAFࡢྥࡁ࡟౫ࡽࡎ, ࡑࡢ኱ࡁࡉࡢ஧஌࡟ẚ౛ࡋ࡞࠸ࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ 
ୖグࡢࡼ࠺࡟㸪CeOs2Al10࡟ᑐࡍࡿ 3 ✀㢮ࡢࢻ࣮ࣉ࡟క࠺ c-f ΰᡂࡢኚ໬ࡢ௙
᪉ࡣ኱ࡁࡃ␗࡞ࡿࡀ㸪ඹ㏻ࡋ࡚࠸ࡿⅬࡀ࠶ࡿࠋࡲࡎ㸪ࣇ࢙࣑ࣝ‽఩࡛ࡢ‽⢏Ꮚ≧
ែᐦᗘࡢ࢚ࢿࣝࢠ࣮౫Ꮡᛶ࡟ᩄឤ࡞⇕㟁⬟ࡣ㸪↓⨨᥮⣔࡛ࡣ b ㍈᪉ྥ࡛ᕧ኱࡞













(T = Fe, Ru, Os)࠾ࡼࡧ CeOs2Al10ࡢ 4f/5dṇᏍࢻ࣮ࣉ⣔࡜ 5d㟁Ꮚࢻ࣮ࣉ⣔ࡢᚤศ
ࢥࣥࢲࢡࢱࣥࢫ dI/dV ࢆ◚᩿᥋ྜἲ࡟ࡼࡾ ᐃࡋࡓࠋdI/dV ࢫ࣌ࢡࢺࣝࡣ‽⢏Ꮚ
≧ែᐦᗘࡢ࢚ࢿࣝࢠ࣮ኚ໬ N(E)ࢆ཯ᫎࡍࡿࡓࡵ㸪c-fΰᡂࡢቑᙉ/ᢚไ࡟క࠺ࢠࣕ
ࢵࣉᖜ࡜ࢠࣕࢵࣉෆ≧ែࡢኚ໬ࢆ┤᥋ほ ࡛ࡁࡿ࡜ᮇᚅࡋࡓࠋ 




ࣥࢫࡢ್ [ZBC = dI/dV (V = 0)]ࡣ᭷㝈࡛࠶ࡗࡓࠋࡇࢀࡽ஧ࡘࡢ≉ᚩࡣ㸪࿘ᮇⓗ࢔
ࣥࢲ࣮ࢯࣥࣔࢹࣝࢆ⏝࠸ࡓ‽⢏Ꮚ≧ែᐦᗘࡢ⌮ㄽィ⟬ࡢ⤖ᯝ࡜ᩚྜࡋ࡚࠸ࡿࠋ
ࡇࡢࡇ࡜ࡣ㸪CeT2Al10࡟㛤ࡃ 2ẁࡢࢠࣕࢵࣉࡀ c-fΰᡂࢠࣕࢵࣉ࡛࠶ࡿࡇ࡜ࢆ♧
ࡋ࡚࠸ࡿࠋࡲࡓ㸪T = Ru (TN = 27 K)࡜ Os (TN = 28.5 K)࡛ࡣ㸪ࡑࢀࡒࢀ ᗘࢆ  
T* = 29 K࡜ 36 K௨ୗ࡟ୗࡆࡿ࡜ ZBCࡀῶᑡࡋጞࡵࡿࠋࡇࡢ ᗘࡣ㸪Sbࡀᢡࢀ
᭤ࡀࡿ ᗘ TS࡜୍⮴ࡍࡿࠋࡉࡽ࡟ ᗘࢆ TNࡲ࡛ୗࡆࡿ࡜㸪ࢠࣕࢵࣉ VAFࡢⓎ㐩
ࡀほ ࡉࢀࡓࠋVAFࡢ኱ࡁࡉࡀ T = Ruࡼࡾࡶ T = Osࡢ᪉ࡀ 30 %኱ࡁ࠸ࡇ࡜ࡣ㸪
TNࡀࡼࡾ㧗࠸ࡇ࡜࡜ᑐᛂࡍࡿࠋ 
ୖグࡢࡼ࠺࡟㸪CeOs2Al10ࡢ dI/dV ࢫ࣌ࢡࢺࣝ࡟ࡣ୕ẁࡢࢠࣕࢵࣉࡀ ᗘపୗ
࡜࡜ࡶ࡟㛤ࡁ㸪ࣇ࢙࣑ࣝ‽఩࡟ VᏐᆺࡢᵓ㐀ࢆᣢࡘࠋࡇࡢ⣔࡟ Laࢆ z = 0.35⨨
᥮㸦4fṇᏍࢻ࣮ࣉ㸧ࡍࡿ࡜㸪㟁Ẽ᢬ᢠࡢ⇕άᛶᆺࡢ᣺⯙࠸࡜཯ᙉ☢ᛶ⛛ᗎࡣᾘኻ
ࡍࡿࡀ㸪ࢮࣟࣂ࢖࢔ࢫ࡛ࡣ VᏐᆺࡢᵓ㐀ࢆಖࡗࡓࠋ୍᪉࡛5dṇᏍࢻ࣮ࣉ⣔࡛
ࡣ㸪ࢻ࣮ࣉ㔞 2y ࡢቑຍ࡜࡜ࡶ࡟ࢮࣟࣂ࢖࢔ࢫ࡟ୖฝࡢࣆ࣮ࢡࡀⓎ㐩ࡋ㸪2y = 0.1
࡛඲࡚ࡢࢠࣕࢵࣉࡀᾘኻࡋࡓࠋࡲࡓ㸪5d㟁Ꮚࢆ 0.08 ӊ 2x < 0.3 ࡢ⠊ᅖ࡛ࢻ࣮ࣉ
ࡍࡿ࡜㸪dI/dVࢫ࣌ࢡࢺࣝࡢࢮࣟࣂ࢖࢔ࢫ࡟ୖฝࡢࣆ࣮ࢡࡀฟ⌧ࡍࡿࡀ㸪2x = 0.3
࡛ࡣࡑࡢࣆ࣮ࢡࡣᾘኻࡋ㸪෌ࡧ V Ꮠᆺࡢᵓ㐀࡟ᡠࡗࡓࠋ 
ࡇࡢࡼ࠺࡟㸪3✀㢮ࡢࢻ࣮ࣉ࡟ࡼࡿࢺࣥࢿࣝࢫ࣌ࢡࢺࣝࡢኚ໬ࡣᵝࠎ࡛࠶ࡿࡀ,
ඹ㏻ࡋ࡚࠸ࡿⅬࡣࢻ࣮ࣉ㔞ቑຍ࡜࡜ࡶ࡟㸪ࢠࣕࢵࣉ V1 ࡢῶᑡ࡜┦㛵ࡋ࡚ T*, TN 
࡜ VAFࡀῶᑡࡋ㸪ࡇࢀ࡜㏫┦㛵ࡋ࡚ ZBCࡢ್ࡀቑຍࡍࡿࡇ࡜࡛࠶ࡿࠋࡑࡢ㝿㸪
5d 㟁Ꮚࢻ࣮ࣉ࡟ࡼࡿ ZBC ࡢቑຍࡀ 5d ṇᏍࡼࡾࡶ㢧ⴭ࡛࠶ࡿࡇ࡜ࡣ㸪J ࡢቑຍ
ࡢᵝᏊ࡜㓞ఝࡋ࡚࠸ࡿࠋࡇࢀࡽࡢ⤖ᯝࡣ㸪ṇᏍ/㟁Ꮚࢻ࣮ࣉ࡟ࡼࡾ⏕ᡂࡉࢀࡓࢠ
ࣕࢵࣉෆ≧ែࡀ㸪཯ᙉ☢ᛶ㌿⛣࡜୕ࡘࡢࢠࣕࢵࣉࢆᾘኻࡉࡏࡿࡇ࡜ࢆ♧၀ࡋ࡚
࠸ࡿࠋࡉࡽ࡟㔜せ࡞Ⅼࡣ㸪V1 ࡜ VAFࡢඹᏑࡍࡿ⨨᥮㔞㡿ᇦ࡛ࡣ㸪㝆 ࡜࡜ࡶ࡟ 
ZBC ࡀ TNࡼࡾࡶ㧗࠸ T*࡛ῶᑡࡋጞࡵࡿࡇ࡜࡛࠶ࡿࠋࡇࡢ T*ࡣ⨨᥮࡟ࡼࡗ࡚ప
ୗࡍࡿࡀ㸪ࡑࡢ⨨᥮㔞౫Ꮡᛶࡣ Sbࡀᢡࢀ᭤ࡀࡿ ᗘ TSࡢపୗ࡜ࡼࡃᑐᛂࡋ࡚࠸
ࡓࠋࡘࡲࡾ CeOs2Al10࡛ࡣ㸪c-fΰᡂࢠࣕࢵࣉࡀᏑᅾࡍࡿ≧ែ࡟࠾࠸࡚㸪≉␗࡞཯
ᙉ☢ᛶ⛛ᗎ࡟ඛ❧ࡗ࡚ N(EF)ࡀῶᑡࡍࡿࡇ࡜ࡀ◚᩿᥋ྜἲࢺࣥࢿࣝศගࡢᐇ㦂
࡟ࡼࡾึࡵุ࡚ࡗࡓࠋ 
4 
 
௨ୖࡢࡼ࠺࡟㸪ᮏ◊✲࡛ࡣ㏆⸨༙ᑟయ CeOs2Al10ࡀ࡞ࡐ㧗࠸ ᗘ࡛཯ᙉ☢ᛶ⛛
ᗎࡍࡿࡢ࠿ࢆ᥈ࡿࡓࡵ࡟㸪3✀㢮ࡢ⨨᥮⣔ヨᩱࢆస〇ࡋ㸪ࡑࡢ☢ᛶ㸪ఏᑟ㸪ẚ⇕
ࢆ ᐃࡋ㸪ࢺࣥࢿࣝศගᐇ㦂ࢆ⾜ࡗࡓࠋࡑࢀࡽࡢ⤖ᯝࡢゎᯒ࠿ࡽ㸪≉␗࡞཯ᙉ☢
ᛶ㌿⛣ࡢⓎ⌧࡟ࡣ㸪c-f ΰᡂࢠࣕࢵࣉࡢᙧᡂࡀᚲせ࡛࠶ࡿࡔࡅ࡛࡞ࡃ, ☢Ẽ㌿⛣
࡟ඛ❧ࡗ࡚ࣇ࢙࣑ࣝ‽఩࡛ࡢ‽⢏Ꮚ≧ែᐦᗘࡀῶᑡࡋ࡚࠸ࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋ
ࡓࠋ 
